We undertook a retrospective study of all isolated mandibular fractures which had required active management over a 1-year period at the Maxillofacial Unit at Newcastle General Hospital. Patients with single or multiple fractures of the mandible were included in the study, if there were other simultaneous fractures of the facial skeleton, those patients were excluded. All case notes and radiographs were reviewed by a single operator. A total of 202 cases of fractured mandible were identified of which 115 fulfilled the selection criteria of: isolated fracture, no previous facial fracture, treatment by open reduction and internal fixation using titanium osteosynthesis miniplates, and all case notes and radiographs available to study.
INTRODUCTION
The treatment of facial fractures has traditionally involved re-establishment of a functional dental occlusion with various types of intermaxillary fixation (IMF). 1 Increasingly over the past three decades, oral and maxillofacial surgeons have developed techniques of treating facial fractures using internal fixation. Champy et al. 2, 3 laid the scientific foundation for the use of a technique of semirigid fixation in mandibular fractures described by Michelet et al. 4 and this has been popularized in the UK by Cawood. 5 Most surgeons who treat mandibular fractures with miniplate osteosynthesis techniques still use IMF as a method of fracture reduction, for historical reasons, in the belief that this is essential to achieve a normal occlusion. Review of American and European papers allude to this as being the only method of fracture reduction.
It is a common finding that patients whose fractures are treated by closed reduction and immobilized with IMF alone have a functional, but perhaps not premorbid, occlusion postoperatively, and that the fractures have not been anatomically reduced when evaluated radiographically. 6 With the advent of miniplate internal fixation techniques came the opportunity to obtain both the re-establishment of the patient's normal occlusion and anatomical bony reduction. The question arose that if IMF did not often achieve anatomical reduction, was its use necessary at all, because fracture reduction can be achieved by other more accurate means (which coincidentally also result in restoration of normal occlusion).
We could find no references to mandibular fractures treated without the use of peroperative IMF, let alone a comparison of the two methods of reduction. Despite this, it is becoming common practice in the UK for some surgeons to reduce mandibular fractures manually and avoid the use of IMF altogether.
We decided to compare the two methods of fracture reduction to try to obtain some evidence to support our theory that anatomical manual reduction of mandibular fractures, when the fractures are also internally fixed with semirigid miniplates, gives results that are at least as good as traditional methods of reduction with IMF.
METHOD
We undertook a retrospective study of a single year's activity in the Catherine Cookson Maxillofacial Unit, involving the treatment of isolated mandibular fractures treated by open reduction and internal fixation, to assess the results of each method of reduction.
A total of 202 patients who had sustained a mandibular fracture during the period 1 July 1995-30 June 1996 were identified from hospital administrative and theatre records. A total of 115 patients were selected who satisfied the following criteria for inclusion in the analysis: there was an isolated mandibular fracture (single or multiple but no other facial fracture); there was no previous history of facial fracture; the fractures were treated by open reduction and internal fixation using miniplate osteosynthesis principles as described by Champy et al.; 2, 3 and all case notes and radiographs were available for study.
A proforma was designed to extract the following information from the records: mechanism of injury, type of fracture and method of reduction; occlusion as assessed clinically at the bed or chairside on the first postoperative day and at two weeks, by one of the six specialist registrars or university lecturers; need for the use of postoperative intermaxillary elastic traction, occlusal adjustment, intermaxillary fixation, or second operation required to correct a malocclusion; the final objective and the patient's subjective assessment of the occlusion at discharge; and complications of treatment, including infection, wound dehiscence, sensory deficit, trismus, malunion or nonunion.
The results were collated and analysed.
RESULTS
Of the 115 patients, 101 (88%) were male; the mechanism of injury was inter-personal violence in 82 (71%), falls in 16 (14%), road traffic accidents in 7 (6%), and sports or other accidents in a further 10 (9%). A total of 113 patients (98%) had dentate jaws. The sites of fracture are shown in Table 1 .
Method of reduction
All operations were done by specialist registrars or university lecturers, with the assistance of senior house officers. In 66/115 patients (57%), the fractures were reduced manually assisted by reduction forceps where appropriate, and the occasional use of temporary bridle wires or transosseous wires, but without peroperative IMF. Forty-nine patients (43%)
had their fractures reduced along conventional lines with IMF using eyelet wires or arch bars and tie wires ( Table 2) .
Occlusal outcome at two weeks
A comparison was made of outcome, expressed as the proportion of patients in each group with a satisfactory occlusion at 2 weeks postoperatively. The overall difference in satisfactory occlusal outcome between the two proportions was 14% (92-78%). The 95% confidence interval (CI) for the difference is 1% to 27%, suggesting a better occlusal outcome at 2 weeks postoperatively, for manual reduction. Contribution to the overall difference appears to come partly from the difference between results for the subgroup containing a fracture of the condyle. However, because of the small numbers in this subgroup, the difference in outcome between treatments fails to reach significance at the 95% level (Table 2) , although it is just significant at the 90% level, as the boundary is a fraction greater than zero.
To compare the two groups without the skewing effect of the subgroup containing a fractured condyle, we made a second comparison with these cases removed and with parasymphysis and body subtypes Intermaxillary fixation is not usually necessary to reduce mandibular fractures 53 (92) 38 (78)** *95% C I of difference -4% to 54%. **95% C I of difference 1% to 27%, P = 0.03. combined ( Table 3 ). The two groups are broadly similar in both fracture subtypes and proportion with a satisfactory occlusion at two weeks postoperatively (93% and 87%). There was no significant difference in outcome for any individual subtype of fracture or in the group as a whole. In other words, when comparing fractures that do not include a fracture of the condyle, the two methods of reduction seem to be equally effective in terms of occlusal outcome at two weeks. An attempt was made to deduce from the notes the reason for the use of IMF in the second group: in 18/49 cases (37%) there was a fractured condyle in addition to other sites of fracture, and it is assumed that this was the indication for the use of IMF in these cases. In two cases there was established infection; in the remaining 29 (59%) no other reason than operator preference could be inferred. Some surgeons in this study habitually used IMF and others used manual reduction preferentially.
Occlusal assessment
It important to remember that, as this is a retrospective study, the information obtained about the assessment of early occlusal discrepancies, and the prescribed treatments for them, depends on information recorded in the patient's casenotes, and this is a possible source of inaccuracy. However, the presence of a malocclusion and the treatment required for its correction are not likely to be omitted.
There were problems recorded of malocclusion in the early postoperative phase (Table 4) , for which a period of intermaxillary elastic traction was prescribed, in a total of 22 of the 115 patients (19%). This can be subdivided into 6/66 (9%) in the group treated by manual reduction and 16/49 (33%) of those treated with IMF. The occlusal discrepancies returned to normal in most patients with this simple measure alone but minor occlusal adjustment was required in 2/66 (3%) and 3/49 (6%) respectively; 1/66 (2%) and 2/49 (4%) required reoperation for malreduction.
The difference in the rate of perceived early occlusal discrepancies, as measured by the clinician's decision to prescribe further treatment, indicates a very definite effect, there being 24% fewer problems with fractures treated by manual reduction. We would therefore expect the manual reduction technique to result in between 9% and 39% fewer early discrepancies at the 95% confidence level (95% CI for the difference -39% to -9%).
By 2 weeks postoperatively, the difference between the two groups was much less obvious. When the subgroup containing a condylar fracture is separated off from the analysis there is no significant difference between the two methods of reduction. At discharge from outpatient follow-up no patient was dissatisfied with their occlusion and objective occlusal irregularities were all minor; there was no significant difference in the final occlusal result between the two groups. It seems therefore that, irrespective of the method of reduction, perceived early malocclusions rapidly returned to normal in the postoperative phase.
Other complications
All patients received prophylactic antibiotics, despite which five patients (4%) developed minor wound infections. Five patients developed a degree of restricted mandibular opening of whom three had injuries that included a condylar fracture. Record keeping was inadequate to find out the incidence of neurosensory deficit resulting from the operations, a common problem in retrospective analyses. There were no cases of malunion or nonunion. The mean length of inpatient stay was 2 days, with most patients being discharged home on the first postoperative day and without the need for a period in an intensive care ward. The mean duration of out-patient follow up was 3 months and involved four out-patient visits.
DISCUSSION
The obvious difference between the two groups, which affects the comparison of the proportion of cases treated in each group, is that the number of cases which included a fractured condyle in the injury complex is much greater in the IMF group. There are two main reasons for this: first, many operators prefer to have cleats attached to the teeth to which elastic bands can be attached postoperatively if intermaxillary traction is indicated for a minor malocclusion. Some think that it is more likely that a fractured mandible which includes a fractured condyle will require this treatment, and so all such patients should have arch bars attached to their teeth at the time of operation as a precaution. Second, one of the supervising consultants stipulated that all of his patients with a fractured condyle must have arch bars or eyelet wires attached to the teeth at the time of fracture reduction. These two factors inevitably resulted in more cases which included a fracture of the condyle having IMF placed peroperatively, and this affected the analysis of the proportions in each subtype of fracture.
Why use intermaxillary fixation?
Perioperative IMF has a number of indications, which include: a preferred method of fracture reduction by the operator or supervising consultant; lack of an adequately trained assistant at operation; the presence of a unilateral or bilateral condylar fracture that may require postoperative IMF or elastic intermaxillary traction; and planned postoperative IMF to immobilize the mandible and protect the fixation, which may be because of poor-quality internal fixation (soft bone or comminuted fractures), established infection, or possible lack of patient's compliance with postoperative care of the fracture sites (such as adopting a soft diet). The overall complication rates compare favourably with other studies, reviewed recently. 7 Infection rates have been reported from 0% to 14.6%, with a mean of 6.7%, compared with 4% in the present study. Overall our early malocclusion rate was 19%, with 3% early reoperations for malreduction, 4% of whom eventually required minor occlusal adjustment. These figures compare with 17%, 0.5%, and 8%, respectively, in the review by Renton et al. 7 Our main aim was to discover if there is a difference in outcome between the two methods of treatment. Fracture reduction using IMF alone, using traction on the buccal aspects of the teeth, tends to approximate buccal surfaces of maxillary and mandibular teeth. This has the effect of establishing a functional, though not the premorbid occlusion, but without anatomical reduction of the fracture, 6 which commonly becomes more displaced at the inferior border in the parasymphysial region. It is probable that after bony healing and remodelling there are minor tooth movements under the influence of muscle forces in the lips, cheeks, and tongue, which reposition the teeth in an area of muscle balance, as happens during tooth eruption. 8 Accurate anatomical reduction, however, results in immediate re-establishment of the patient's normal occlusion.
Assessment of early occlusion
The assessment of postoperative occlusion can be difficult with a patient in some discomfort. Malocclusion may result from malreduction of any internally fixed fractures, failure of the fixation, artefactual (voluntary or involuntary guarding with the patient 'posturing' their mandible into a more comfortable position), or there may be shortening of the ramus related to a conservatively managed condylar fracture.
Malreduction and fixation failure should be apparent on clinical and radiographic examination but many early apparent occlusal irregularities result from muscle guarding and 'posturing' of the mandible by the patient and these resolve spontaneously. The assessment in these cases can be difficult and may improve with experience. As six different specialist registrars or lecturers of varying experience were involved in these management decisions, it is probable that decisions about the use of elastic traction were not standard.
Assessing the contribution of the fractured condylar element to perceived malocclusion and separating this effect from malreduction or guarding, is the most difficult aspect clinically. All condylar fractures, as part of the injury complex, were managed conservatively in this study.
As can be seen from Table 5 , 2 of the 11 patients with condylar fractures in the manual reduction group required intermaxillary elastic traction postoperatively, compared with 10 out of 18 in the IMF group. The difference shows that patients with condylar fractures are slightly but not significantly more likely to require intermaxillary elastic traction prescribed if they have had other fractures in the mandible reduced by IMF.
Arch bars may influence treatment decisions
Elastic traction may be prescribed more often for those patients with arch bars or eyelet wires in place postoperatively (the IMF group), simply because the elastics are easier to apply when loops or cleats are already attached to the teeth. This may have the effect of increasing the apparent early occlusal complication rate in the IMF group, for cases with or without a fracture of the condyle. The actual difference in early occlusal outcome between the two groups may therefore be less than it looks from these results.
Results from this study, although not always statistically significant and with the caveat that the numbers analysed are small, suggest that patients do not need to have arch bars routinely fitted to their teeth merely because they have a fractured condyle as part of their mandibular fracture. A total of 55% of the IMF group, about 40% overall, and less than 20% if the fracture is treated by manual reduction, will have postoperative intermaxillary elastic traction. It may be that prescribing arch bars and elastic traction only to those patients who require them postoperatively, rather than applying them to all cases regardless, is the most appropriate course of action. This treatment can be simply provided without a second general anaesthetic, in outpatients.
The role of elastic traction
It is not clear if elastic traction achieves a beneficial effect in mandibular fractures, as correction of major occlusal irregularities is unlikely. Minor apparent malocclusions seem to resolve rapidly with or without elastic traction. It may be that this technique merely overcomes the reflex muscle contraction that results from the discomfort associated with the fracture and its treatment. A period of time to allow guarding to resolve before prescribing elastic traction may avoid some unnecessary treatment.
Intermaxillary fixation compared with manual reduction
Whilst there are some definite indications for the use of IMF, there are obvious advantages to manual reduction and avoiding the need for IMF. Arch bars or eyelet wires, the method of IMF used in this study, take at least 40 min to apply and there is a risk of injury to the surgeon and nursing staff from wires puncturing their gloves. The presence of circumdental wires mean that it is difficult for the patient to maintain a high standard of oral hygiene, they may damage the periodontium, and they cause discomfort during removal. The cost of manufacturing and applying arch bars, increased length of general anaesthesia (cost of personnel and anaesthetic agents), personnel and outpatient time required in removing the metal work postoperatively, all militate against this method of fracture reduction.
Manual reduction is much more operatordependent than IMF and requires a greater degree of experience and skill. A comprehensive understanding of the vagaries of the human occlusion is essential. For optimum patient care, it is essential that junior surgeons are closely supervised and that operating surgeons are adequately trained before embarking on it. In the absence of a competent assistant it is more difficult, and IMF may be indicated in such circumstances. Manual reduction techniques work well if the most senior surgeon establishes the occlusion and holds the fracture reduced, whilst the less experienced surgeon fixes the fracture with miniplates.
There are alternative methods of applying IMF, such as placing transgingival screws and using these as points to attach intermaxillary wires. This method reduces the time taken and the number of wires required to establish IMF but there will be a complication rate associated with screw placement and use of tie wires. The disadvantage of applying traction only to the buccal aspect of the dental arches, with the displacing effect that this has at the lower border of the mandible, is not overcome and this method inevitably costs more than manual reduction. Since IMF seems to offer no short-or long-term advantages over manual reduction there does not seem to be a need for its routine use. A prospective study is clearly required, and this is now being undertaken. 
